We found acceptable agreement between the IPAQ short and long versions (ICC 2,1 values were 0.81 and 0.77 for the 1st and 2nd administration), uncertain reproducibility (acceptable reliability but poor agreement) and inadequate validity relative to pedometry (the correlation coefficients between all IPAQ scores and daily steps were <0.50) for both IPAQ short and IPAQ long. Conclusions The IPAQ use may be justified in daily clinical practice and in clinical research (e.g., in cross-sectional studies) for a simple and rapid evaluation of the physical activity level for discriminative purposes. However, the use of these questionnaires does not appear suitable for prospective interventional studies in which the level of physical activity of the recruited patients has to be assessed over time.
Introduction
Obesity, diabetes, and their association ("diabesity") represent serious health problems with escalating global prevalence. The health benefits of regular physical activity in counteracting these noncommunicable diseases are well established [1] [2] [3] [4] . Therefore, the proper management of obese and diabetic patients should incorporate the prescription of physical activities and exercise [5, 6] . However, the assessment of the physical activity level is mandatory prior to prescribing exercise. While there are multiple advanced and comprehensive physical activity assessment tools available [7] , time constraints often necessitate a simple and rapid tool. Questionnaires represent the most widely used tools to assess the level of physical activity in both clinical research and practice because they are practical and cost effective.
Abstract
Purpose Aims of this study were to evaluate the agreement between the short and long versions of the International Physical Activity Questionnaire (IPAQ: Italian versions), their reproducibility (agreement and reliability) and construct validity (relative to pedometry) in a clinical population. Methods Ninety patients affected by obesity (N = 39), type 2 diabetes mellitus (N = 26) or both (N = 25) were recruited. They were asked to maintain their usual physical activity habits during two consecutive weeks and to fill the questionnaires twice (at the end of each week). They were also asked to wear a pedometer for 7 consecutive days after the first administration of the questionnaires.
One of the most used questionnaires is the International Physical Activity Questionnaire (IPAQ), which was originally developed by an international consensus group as an instrument for cross-national monitoring of physical activity and inactivity [8] [9] [10] [11] [12] [13] [14] [15] . Two versions of the questionnaire were developed: a short version (hereafter referred to as IPAQ short) that is suitable for use in national and regional surveillance systems and a long version (hereafter referred to as IPAQ long), which provides more detailed information often required for research studies or evaluative purposes [8] .
The IPAQ provides repeatable results, which are comparable between the short and the long forms [8] . However, most of the previous studies investigating IPAQ measurement properties were performed in healthy subjects [8, 14, [16] [17] [18] [19] [20] [21] , while only few studies were conducted in patient populations [22] [23] [24] [25] . Moreover, the reproducibility and validity of the Italian version of the IPAQ have never been examined in a clinical population. Therefore, the aims of the present methodological study were to evaluate the agreement between IPAQ short and long (Italian versions), their reproducibility (agreement and reliability), and construct validity (relative to pedometry) in a population of obese and diabetic patients.
Methods

Subjects
Ninety patients [43 women and 47 men, median (1st-3rd quartile) age: 58.0 (47.3-66.0) years; body mass index: 31.9 (29.2-35.5) kg/m 2 ] affected by obesity (N = 39), type 2 diabetes mellitus (N = 26) or both (N = 25) were recruited.
Study design and procedure
The original English versions of the short and long forms of the IPAQ (self-administered format) were first cross-culturally adapted so as to be used for evaluating the physical activity level of Italian-speaking patients. All patients were asked to maintain their usual physical activity habits during two consecutive weeks and to fill the questionnaires twice at the end of each week (median number of days between the first and second administration: 8 days) to evaluate their reproducibility. This test-retest reproducibility study design was chosen to prevent recall and to ensure that no clinical changes occurred between the two evaluation sessions. The construct validity of the questionnaires was evaluated by comparing IPAQ scores with daily steps counted by a pedometer (walking style IV step counter, Omron Healthcare, Kyoto, Japan) that was worn during waking hours for 7 consecutive days after the first administration of the questionnaires. Patients were instructed by the same experienced investigator to wear the pedometer on a belt at the right hip waistline and to complete a standardized daily log to record the daily steps. Individual logs had to have at least 6 days completed so that the step data could be used for analysis.
IPAQ
The IPAQ short comprises seven items investigating different physical activity intensities (vigorous or moderate), the time spent walking and sitting (as a proxy for sedentary behavior) during the last 7 days [26] . The IPAQ long comprises 27 items investigating 4 physical activity domains (work, transportation, domestic chores and gardening, leisure time) with specific scores for walking, moderate-intensity and vigorous-intensity physical activity within each of the four domains, as well as the time spent sitting during the last 7 days [26] .
Energy expenditure from physical activity (expressed in MET*min/week) was estimated according to the following formula: number of days spent in the activity × average duration of the activity per day × energy cost of the activity. The energy cost of an activity was expressed in metabolic equivalent task (MET) and the following MET values were considered: 3.0 for domestic activities, 3.3 for walking, 4.0 for moderate-intensity physical activity, 5.5 for vigorousintensity physical activity in the garden or yard, 6.0 for cycling, and 8.0 for vigorous-intensity physical activity [26] .
Based on IPAQ results, three levels of physical activity were proposed in a categorical score [26] : (1) low physical activity level: individuals who did not meet the criteria for the two other categories; (2) moderate physical activity level: one of the following three criteria was met: (i) 3 or more days/week of vigorous-intensity activity of at least 20 min/day, (ii) 5 or more days/week of moderate-intensity activity and/or walking of at least 30 min/day, (iii) 5 or more days/week of any combination of walking, moderate-intensity or vigorous-intensity activities achieving a total score of at least 600 MET*min/week; (3) high physical activity level: one of the following two criteria was met: (i) vigorousintensity activity on at least 3 days/week achieving a total score of at least 1500 MET*min/week, (ii) 7 or more days/ week of any combination of walking, moderate-intensity or vigorous-intensity activities achieving a total score of at least 3000 MET*min/week.
Cross-cultural adaptation
The cultural adaptation process was performed according to IPAQ guidelines [26] , and comprised five steps.
Step 1 included forward translation from English to Italian by two independent translators. Step 2 comprised the review of the versions produced by the two translators by a group of bilingual people (ensuring that the translation was acceptable to monolingual people) and their synthesis into one version. In step 3, the latter version of the questionnaire was translated from Italian back to English (back translation) by two independent translators.
Step 4 comprised a consensus meeting of all people involved in the translation to review the back translation and decide on the final version.
Step 5 involved testing the final versions (see Supplementary Material) in ten consecutive patients to examine the accuracy of wording and ease of understanding.
Statistical analysis
Since the Shapiro-Wilk test for normal distribution of the data failed, non-parametric tests were used. The differences between the total physical activity scores (i.e., weekly energy expenditure values) obtained from IPAQ short and long at both test (1st administration) and retest (2nd administration) were assessed with Wilcoxon signed rank sum test, while the agreement between the two questionnaire versions was assessed with the intra-class correlation coefficient (ICC 2,1 ) and with Bland-Altman plots [27, 28] . To assess the existence of a statistical dependence between the two datasets (heteroscedasticity), a correlation analysis between the differences and averages of the IPAQ short and long (x-and y-axis of the Bland-Altman plots) was performed using the Spearman's test.
Changes in IPAQ scores between test and retest were analyzed with Wilcoxon signed rank sum test to assess the presence of systematic bias. The reproducibility of the total physical activity scores (i.e., weekly energy expenditure values) obtained from IPAQ short and long was assessed as reliability (i.e., the extent to which patients can be distinguished from each other despite measurement errors) and agreement (i.e., the extent to which scores on repeated measurements are close to each other) [28] [29] [30] [31] [32] . Reliability was evaluated using the ICC 2,1 . According to recommendations for physical activity questionnaires [32, 33] , an ICC 2,1 ≥ 0.70 was considered acceptable. Agreement was evaluated using: (i) the percent standard error of measurement (% SEM) was calculated as follows: 100 × (√mean square error from the ANOVA/IPAQ score grand mean), (ii) the percent smallest detectable change (% SDC) was calculated as follows: 1.96 × √2 × % SEM. According to previous studies [32, 34] , the following values were considered acceptable (i.e., high agreement): SEM <10% and SDC <28%.
Construct validity of different variables (total physical activity, walking physical activity, sitting time) obtained from IPAQ short and long was assessed using the Spearman's correlation analysis. A correlation coefficient ≥0.50 was considered acceptable for physical activity comparisons between questionnaire scores and pedometry (median number of steps/day) according to recommendations for physical activity questionnaires [33] .
Data were expressed as median and 1st-3rd quartile. Threshold for statistical significance was set to P = 0.05. Statistical tests were performed with the IBM SPSS Statistics (version 20-IBM Corporation, Armonk, NY, USA) software package.
Results
Descriptive data for IPAQ short and long at both test and retest are presented in Table 1 : most patients were classified as moderately active by both IPAQ short and IPAQ long.
Agreement between IPAQ short and long
The comparisons between the total physical activity scores obtained from IPAQs are presented in Table 2 : the Wilcoxon test showed significant differences between the two questionnaire versions (weekly energy expenditure values obtained from IPAQ short at both test and retest were lower compared to those obtained from IPAQ long). The ICC 2,1 values for the comparisons of the weekly energy expenditure values between IPAQ short and IPAQ long were 0.81 and 0.77 for the 1st and 2nd administration, respectively, with the lower limit of the 95% CI >0.70 for the 1st administration and <0.70 for the 2nd administration ( Table 2 , right column). The Bland-Altman plots (Fig. 1) and Spearman's test showed: (1) mean differences between IPAQ short and long of 1175 MET*min/week and 862.7 MET*min/week for the 1st and 2nd administration, respectively; (2) most of the differences between IPAQ short and long between the 95% limits of agreement (few differences were outside the 95% limits of agreement: 3 and 6 out of 90 for the 1st and 2nd administration of the questionnaires, respectively); (3) significant positive correlations between the differences and means of the IPAQ short and long versions for both the 1st administration (R = 0.46, P < 0.0001) and the 2nd administration (R = 0.29, P = 0.01) of the questionnaires, thus indicating that the higher the levels of physical activity, the larger the differences between IPAQ long and short.
Reproducibility of IPAQ short and long
As shown in Table 2 (central column), a systematic bias was observed for the weekly energy expenditure values obtained from IPAQ short, with a significant increase from test to retest (P < 0.01), but not for the values obtained from IPAQ long that were comparable between the two administrations (P = 0.59). The ICC 2,1 values for the comparison between the 1st and 2nd administration were 0.83 and 0.73 for the short and long version, respectively, with the lower limit of the 95% CI >0.70 for the IPAQ short and <0.70 for the IPAQ long ( Table 2 , right column). The values of % SEM for the IPAQ short and long versions were 54.2% and 52.8%, respectively, while the values of SDC were 150.3% and 146.4%, respectively.
Construct validity of IPAQ short and long
Construct validity results are shown in Table 3 for the following variables: total physical activity (expressed in MET*min/week and in min/week), walking physical activity, sitting time: all correlation coefficients (and their lower limits of the 95% CI) were <0.50.
Discussion
This is the first study investigating the reproducibility and validity of the Italian version of the IPAQ short and long in obese and diabetic patients. We found acceptable agreement between the short and long versions, uncertain reproducibility (acceptable reliability but poor agreement), and inadequate validity relative to pedometry for both IPAQ short and IPAQ long.
The median values for weekly energy expenditure were 914 and 1123 MET*min/week for the first and second administration of the IPAQ short, respectively, and 1845 and 1830 MET*min/week for the first and second administration of the IPAQ long, respectively. These results are lower compared to the data reported by Criniere et al. [22] in a large group of diabetic patients (3705 and 3623 MET*min/ week for the first and second administration of the IPAQ long, respectively). Consistently, most of our patients (~52 to 54%) were moderately active, while most of the patients investigated by Criniere et al. [22] were highly active. The observation of acceptable agreement (based on the results of the Bland-Altman and ICC analyses) between the short and long IPAQ versions confirms and extends previous results obtained with the English version of the questionnaire [8, 18] . An obvious implication of this finding is that the use of the IPAQ short, which is more practical and less timeconsuming compared to the long version, can be recommended in daily clinical practice. Moreover, the use of the IPAQ short through the automatic report recently released by Di Blasio et al. (and downloadable from the IPAQ website) [35] enables the straightforward calculation of the weekly amounts of physical activity and energy expenditure that may be extremely useful for the clinical management of obese and diabetic patients. However, data from IPAQ short cannot be used interchangeably with IPAQ long, especially for moderate (and high) levels of physical activity given the heteroscedasticity of the data we observed in Bland-Altman plots. Given that most of our patients were classified as moderately active, further studies in highly active populations of patients may be required to confirm the heteroscedasticity of the data we observed in the present study.
The short and long versions of the IPAQ showed acceptable test-retest reliability, with ICCs that were in the range of those obtained in the original validation of the IPAQ long (0.46-0.96) [8] as well as in subsequent studies [10, 13, 16] . However, both questionnaire versions had overall low agreement according to the benchmarks proposed by Flansbjer (SEM <10% and SDC <28%) [34] and recently adopted by Casartelli et al. for the Physical Activity Scale for the Elderly questionnaire [32] . To our knowledge, this study is the first evaluating SEM and SDC for IPAQs administered in two evaluation sessions in a clinical population. Unlike the ICC, which is a relative measure of reliability, the SEM provides an absolute index of reliability, while the SDC, which is also known as the smallest real difference [28] , enables to evaluate clinically important changes. In fact, it represents the smallest change in the questionnaire score that can be interpreted as a real change above measurement error [28, 31, 32] . Given the observed SEM and SDC values, it must be concluded that the Italian versions of IPAQ short and long have a limited ability to distinguish measurement error from real changes. Therefore, both questionnaires do not seem suitable for prospective interventional studies in which the level of physical activity is assessed over time. However, a limitation of the present study in relation with IPAQ reproducibility must be acknowledged: patients were evaluated during two consecutive but different weeks. The measurement of the physical activity level twice but referring to the same week would have been methodologically more appropriate. However, a time period shorter than 1 week between the two questionnaire administrations would have been improper because of an increased risk of recall bias. In addition, patients were asked to maintain their usual physical activity habits during the two consecutive weeks, so as to minimize the negative effects of the week-to-week variability in physical activity level. The construct validity of the IPAQ scores relative to pedometry was not acceptable because correlations were in the range 0.33-0.42 for the short version and 0.41-0.43 for the long version. Moreover, negative correlations (ρ = −0.32) were observed for sitting time. These results are in agreement with previous studies that investigated the validity of IPAQ against pedometry [12, 15, 22] , accelerometry [12, 14, 15, 18, 36] , and cardiorespiratory performance [12] . In fact, only weak correlations (range 0.10-0.49) between IPAQ scores and objective measures of physical activity were observed in the large majority of these previous validation studies. Given that a correlation coefficient ≥0.50 between a self-reported questionnaire and an objective outcome is considered as acceptable [37] , we can conclude that the Italian versions of IPAQ short and long have inadequate validity relative to pedometry. However, a limitation of the present study in relation with IPAQ validity must be acknowledged: pedometry does not measure the metabolic cost of physical activity that is supposed to be assessed by IPAQ. Moreover, pedometry does not measure physical activity performed with upper limbs as well as during isometric contractions of both upper and lower limbs. Nevertheless, the correlations between the median number of daily steps and walking physical activity as assessed by IPAQ were also <0.50. Further studies are, therefore, required to assess the construct validity of the Italian IPAQ scores relative to other objective measurements of physical activity such as accelerometry and cardiorespiratory performance.
In conclusion, the present study showed that the Italian versions of IPAQ short and long present uncertain reproducibility (acceptable reliability but low agreement) and inadequate validity (relative to pedometry) for the assessment of physical activity level in obese and diabetic patients. Therefore, their use may be justified in daily clinical practice and in clinical research (e.g., in cross-sectional studies) for a simple and rapid evaluation of the physical activity level for discriminative purposes, but both questionnaire versions do not appear suitable for prospective interventional studies in which the level of physical activity of the recruited subjects/patients has to be assessed over time.
